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Abstract In a choice-chamber experiment, we tested the olfactory responses of the common woodlouse, Porcellio 
scaber (Crustacea: Isopoda), to different food sources. From our results the following conclusions were 
drawn: 

+ Porcellio scaber is able to perceive food by olfaction. 
* The specimens do not react to the litter itself, but to the odour of some metabolites of the 
microorganisms colonizing the leaves. 
+ At least one attractant for the woodlice is one of the by-products of cellulolytical activity. 
* Olfactory responses to metabolites released by microorganisms serve as a mechanism in habitat-finding 
behaviour. 
Keywords: Terrestrial isopods, olfaction, leaf litter, microorganisms, habitat-finding. 
L'olfaction chez les isopodes terrestres (Crustacea: Oniscidea) : réponses de Porcellio scaber à l'odeur 
de la litiére. 

Résumé Dans un dispositif de choix expérimental, la réponse olfactive du cloporte commun Porcellio scaber 
(Crustacea: Isopoda) à différentes sources trophiques a été testée. Les résultats ont mené aux conclusions 
suivantes : 

* Porcellio scaber est capable de percevoir la nourriture par olfaction. 
* Les individus ne réagissent pas à la litière elle-même, mais à l'odeur de certains métabolites élaborés 
par les microorganismes qui colonisent les feuilles. 
* Au moins un attracteur pour les cloportes est un sous-produit de l’activité cellulolytique. 
* Les réponses olfactives aux métabolites élaborés par les microorganismes constituent un mécanisme 
dans le comportement de sélection d’un habitat. 
Mots-clés : Isopodes terrestres, olfaction, litière de feuilles, microorganismes, sélection de l'habitat. 
INTRODUCTION finding behaviour in carabid beetles as described by 


Many arthropods are able to perceive olfactory 


Evans (1983, 1984). From his observations, Evans 
(1988) concluded that Carabidae and some shore 


stimuli of the environment. This phenomenon has been 
investigated mainly in insects. Male moths respond 
to female sex-pheromones (Bestmann et al., 1994), 
phytophagous insects react upon the odour of plant 
species (Chayka ef al., 1991) and parasitoids upon 
insects and their host plants as well (Cortesero et 
al., 1993). Another aspect of olfaction is the habitat- 
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insects possess the ability to detect the odour of 
cyanobacteriae and further microorganisms. Olfactory 
orientation using fungal odours has also been described 
in Collembola (e.g. Bengtsson et al., 1988, 1991). 


Other arthropods have also been proven to detect 
different chemical stimuli. Marine Crustacea, for 
instance, respond to known chemical substances 


142 


in the surrounding water (e.g. Zimmer ef al., 
1979; Derby & Atema, 1982). In terrestrial isopods 
(Isopoda: Oniscidea), mainly the morphology of 
potential sensory organs has been examined (Hodgson, 
1958; Risler, 1977). In addition, physiological and 
several ethological experiments clearly demonstrate 
the response of oniscid isopods to chemical stimuli. 
Seelinger (1977, 1983) investigated the responses of 
receptor cells to a wide range of organic odourants 
by electrophysiological studies. In ethological studies, 
extreme repellents were used (e.g. acetic acid: 
Fischbach, 1954) and escape reactions of the animals 
were noted. From an ecological point of view, it 
seems to be worthwhile to examine olfactory reactions 
with regard to the odours of natural environments of 
woodlice. 

Consequently, we addressed the following questions 
concerning olfactory behaviour in Porcellio scaber: 

L. Is Porcellio scaber able to detect the odour of 
its food sources? 


If the species is able to do so: 
2 a. Do the specimens detect the litter itself, or 


2b.do they rather smell the metabolites of 
microorganisms colonizing a favourable food source? 


METHODS AND MATERIALS 


Porcellio scaber individuals were collected in 
February 1995 from a mixed-deciduous forest near 
Cologne, Germany. Until the beginning of our studies 
in April 1995, they were kept on natural soil for 
two months at 15 °C and under long-day conditions 
(16 h L: 8h D). For our studies, we only chose adult 
male woodlice with a fresh weight of 30 to 50 mg to 
exclude the possible influence of gender or gravidity 
on olfaction. 

Two different food sources — litter and a-cellulose 
— were used as test substances. Furthermore, these 
sources of odour were either sterilized or inoculated 
with microorganisms from an oak-beech litter layer for 
a time intervall of 21 d (20 °C, at constant darkness). 
In our experiments, enzymatic activity of microbial 
cellulases served as a measure for microbial activity 
on the offered food (Zimmer & Topp, in press). 

The olfactometer used in our studies is a modified 
humidity-gradient apparatus as described in Barlow 
(1957) with a diameter of 20 cm (comp. Lindquist, 
1968). The apparatus contained eight chambers with 
angular classes of 45° each (Batschelet, 1981). In one 
chamber the wettened test substances were placed. The 
other seven chambers contained distilled water. The 
woodlice were separated from the test substances by 
a gauze (mesh size of 100 ym), which simultaneously 
served as an annular course. 

Linsenmair (1973) described the significance of air 
current concerning distance orientation in walking 
insects. With regard to their habitat beneath the 
litter layer, woodlice can be expected to be 
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Figure 1. — Schematic illustration of the olfactometer; a. View from 
the top. The annular course is divided into eight chambers with angular 
classes of 45°; b. View from the side. The chamber containing the 
odourant is defined as 0° direction. 


rather independent on air currents. Thus, in our 
studies, the olfactometer was characterized by an 
undisturbed atmosphere, where odourants diffuse 
along hemispheric isolines of concentrations (fig. 1) 
(Okuba, 1980). If the tested animals follow the 
resulting gradient of the odourant, they will finally 
reach the chamber nearest to the test substance and 
stay there. 

Single isopods were placed randomly in one of the 
eight chambers. The olfactometer was covered by a 
lightproof box, to exclude the influence of phototactic 
behaviour. 5 minutes after the test had been started, the 
residence of the animal was checked (comp. Lindquist, 
1972). 

The response data of 320 specimens to different 
odourants were summarized by graphical analyses. 
Concerning the number of angular classes, the 
resulting figures are irregular octagons. Circular 
statistics were used to calculate the direction (mean 
angle ¢) and the length (r) of the resultant mean vector 
as described in Batschelet (1981): 


r= OD cos A+A sin @i)?] (1) 


® = arctan (2) ft >0 (2a) 
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$ = 180° + arctan (2) fr<0 (2b) 


respectively, when: 


T sari A 
z y 5 sin $j 

di: mean angle of the chamber (45°, 90°, 135° etc.) 
the i-th animal chose. 

The vector length r was corrected for k = 8 angular 
classes (Batschelet, 1981). The significance of r was 
designated by using a Rayleigh test (described in 
Batschelet, 1981). The V test (after Greenwood & 
Durand, 1955; Durand & Greenwood, 1958; described 
in Batschelet, 1981) was utilized to check if the 
observed angles, represented by ¢, tended to cluster 
around the direction determined by the odourant. 

In several experiments, the activity of microbial 
cellulases was determined to obtain information on 
microbial activity. The measurements were carried out 
as described in Skambracks (1996) and resulted in 
values with a dimension of pg Glucose (Glc)/(mg 
(substrate) h), that had been previously released from 
a-Cellulose by microbial cellulases. In any case, 10 
replicates were used to estimate the median + median 
absolute deviation (MAD). 
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RESULTS 


A sample of 320 individual tests in the apparatus 
where every chamber contained distilled water proved 
homogenity of distribution within the olfactometer. 
There was no preference for any direction (r = 0.05, 
p > 0.05; fig. 2a). 

When a natural food source (Populus nigra litter, 
taken from the field) was placed in one of the eight 
chambers, Porcellio scaber clearly directed towards 
the litter (r = 0.15, p < 0.001; ¢ = —5.35°, 
p < 0.001; fig. 2b). The chamber containing the 
food source has been defined as 0°-direction. The 
freshly collected P. nigra litter supported relatively 
high cellulolytical activity of 20 +6 (median + MAD) 
ug Gle (mg h)' (n = 10). 

However, when the same leaf litter has been 
sterilized at 60 °C for 48 h and rewettened, the 
isopods did not respond to its odour (r = 0.06, 
p > 0.05; fig. 2c). The mean cellulolytical activity 
of the sterilized litter was low [2+1 (median + MAD) 
ug Gle (mg hy! (n = 10)]. The same undirected 
behaviour of P. scaber was observed when a 
suspension of «-cellulose, the main component of leaf 
litter, was offered (r = 0.06, p > 0.05; Fig. 2e). 

For further test series, another sample of a-cellulose 
had previously been inoculated with microorganisms. 
As a result, a very high cellulolytical activity of 
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80 + 5 (median + MAD) ug Gle (mg h)” (n = 10) 
was measured on this substrate. When the inoculated 
cellulose was offered, P. scaber clearly showed a 
preference towards the source of odourants and the 
adjacent chambers (r = 0.15, p < 0.001; = 9.76°, 
p < 0.001; fig. 24). 

Cellulolytically active microorganisms are thought 
to supply isopods with extracellular cellulases for 
the digestion of the leaf litter (e.g. Hassall & 
Rushton, 1984; Kukor & Martin, 1986). According 
to these arthropod-microbial interactions, we chose 
the following experimental set up: 

a-cellulose, tested above, was mixed with a 
supension of native cellulase (from Trichoderma viride 
with an activity of 3 U/mg (CMC at pH 4.5, 37 °C, 
Merck) in a concentration of 0.1 mg/g cellulose. After 
an enzymatical incubation time of | h, the choice- 
chamber test was carried out as described above. 

The specimens responded significantly to the 
mixture of a-cellulose and cellulase (r = 0.14, 
p < 0.01; ¢ = —1.14°, p < 0.001; fig. 2f). The 
cellulolytical activity was determined as 454 (median 
+ MAD) yg Glec (mg h)” (n = 10). 


DISCUSSION 


The results of the presented studies clearly indicate 
that Porcellio scaber is attracted by odours from their 
natural food source. The attraction was not observed 
on sterilized litter. Thus, we conclude that isopods 
respond to odours produced by the microorganisms 
colonizing the litter rather than to the odours of 
the leaves themselves. We cannot exclude that the 
sterilization procedure (60°C, 48 h) changed specific 
odours of the leaves. However, olfactory responses 
of terrestrial arthropods to microorganisms are well 
known (e.g. Evans, 1983, 1984, 1988; Bengtsson et 
al., 1988. 1991). Fungivorous collembolans may even 
be able to distinguish olfactorily between different 
fungi (Hedlund er al., 1995). 


Our results on olfaction in terrestrial isopods 
agree with behavioural and morphological studies in 
woodlice. Observations on the behaviour of Porcellio 
scaber concerning the movement of the antennae have 
been made by Hoese & Schneider (1990). These 
authors emphasized the significance of the contact 
of the antennae to the surface of the ground, when 
P. scaber is moving. From their observations, we 
conclude that some of the chemoreceptors of the 
antennae are mainly used for contact chemoreception. 
Secondly, there are also sensory organs that are used 
for olfaction, as has been shown concerning the 
species specific odours of the so-called aggregation 
pheromone (Fischbach, 1954; Kuenen & Nooteboom, 
1963) and specimen specific odours in desert woodlice 
of the genus Hemilepistus (Linsenmair & Linsenmair, 
1971; Schneider, 1971). Wägele (1992) mentioned the 


144 M. Zimmer, G. Kautz and W. Topp 


| 
n i 
& as 
A 02 om s = ss 
| a, 010 di 
m 
os m ™ A acer. wh 
| 
w æ | La + + 
i a S bi 
| | 
2 i 
Sid the 
a om pan = om ns 
| : 
| = ae oo + a | 
| 
| 
ws æ | ws a | 
| 
| 
a c || d 
a 
é 
ie 
oa | ee - a | 
| ag | 
- 4 N a ë r 
7 | 
| ae 
m = | se iis 
| 
| 
ue e | 5 f 
L n 


Figure 2. — Responses of 320 individuals of Porcellio scaber to different odourants that have been placed at the 0°-direction. The mean vector 
of orientation is indicated by the arrow. The dashed circles mark the significance levels for the vector length (inner circle: p = 0.05, outer circle: 
p = 0.001, n = 320); a. Control: all chambers were filled with distilled water; b. Populus nigra litter, taken from the field; c. Populus nigra litter, 
sterilized; d. a-cellulose, inoculated with soil microorganisms; e. @-cellulose, sterile; f. a-cellulose, mixed with cellulase (0.1 mg/g). 
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possibility of food detection by using the antennal 
aesthetascs. Generally, in Crustacea, aesthetascs are 
used for olfaction (Risler, 1977). 


In terrestrial isopods, olfactory receptors have been 
assumed to be situated either on the antennulae 
(fig. 3a) (Ábrahám & Wolsky, 1930), on the terminal 
segment of the flagellum of the antennae (Henke, 
1960; Schneider & Tschakaroff-Schuster, 1978), or on 
the tip of the flagellum (fig. 3b) (Fischbach, 1954; 
Hoese, 1989). Figure 3 illustrates the structures that 
are mainly discussed to be involved in olfaction. More 
recent studies (Schneider & Glass, 1993) suggest that 
there may be olfactory receptors on the mouthparts as 
well. The latter authors proved the ability of woodlice 
to find food they definitely could not touch (Schneider 
& Glass, 1993). 


Our conclusions on olfactory responses towards 
microorganisms were confirmed when the response to 
a-cellulose was tested. The specimens clearly moved 
towards microbially inogculated «-cellulose, while 
sterile a-cellulose did not cause any effect. Obviously, 
when a substrate is offered that supports a very 
high cellulolytical activity (inoculated a-cellulose), 
the odourant concentration in the chambers adjacent 
to the 0°-direction is sufficient for the woodlice to 
stay there (see fig. 2d). Doubtlessly, the animals were 
attracted by the odourants emitted by a mixture of 
a-cellulose and cellulase. Hence, P. scaber responds 
to the products of the enzymatic reactions taking place 
in this mixture. Nevertheless, it has to be emphasized 
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that other metabolites emitted by microorganisms may 
serve as olfactory cues as well. 

In the cellulolytical breakdown by the native 
cellulase-complex, at least three enzymes are neces- 
sarily involved (e.g. Ljungdahl & Eriksson, 1985). 
Soluble celluloses are fermented by an endo- 
B(1-4)-glucanase into cellodextrines. From these 
oligosaccharids, the disaccharid cellobiose is separated 
by ay cellobiohydrolase. Finally, cellobiase divides the 
disaccharids to two molecules of glucose, the product 
of biochemical decomposition of celluloses. Since 
presumably neither the cellulose nor the cellulolytical 
enzymes are volatile, we suspect that one of the 
by-products of this enzymatical reaction may be 
the odourant component of the tested mixture of 
a-cellulose and cellulase. 


The dependence of terrestrial isopods on microbial 
activity, measured in terms of cellulolytic activity, 
has been observed recently (Uesbeck & Topp, 1995; 
Zimmer & Topp, in press). Earlier, it has been 
emphasized that woodlice may directly depend on 
the cellulases of microorganisms ingested with the 
food (e.g. Hassall & Jennings, 1975; Kukor & Martin, 
1986). Hence, responding to olfactory cues correlated 
to the microbial breakdown of cellulose can be 
assumed to be used in habitat finding. ; 

The distribution of terrestrial isopods ha¥e mostly 
been explained by abiotic factors of the environment, 
mainly humidity or climate (Warburg et al., 1984; 
Hornung, 1989, 1991). The same abiotic factors are 
expected to influence the microhabitat selection of 


Figure 3. — SEM photographs of the morphological structures that are discussed to be involved in olfaction in terrestrial isopods; a. Antennula of 
Porcellio scaber, the receptors are supposed to be situated on the tip of the antenulae (see inlet), the bar indicates 600 jm in the upper image and 
120 jum in the inlet, respectively; b. Antenna of Porcellio scaber: last segment of the flagellum, olfactory receptors may be found in the structures, 
enlarged in the inlet, or on the tip of the flagellum as well, the bar indicates 200 zm in the upper image and 40 jum in the inlet, respectively. 
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other soil-living arthropods as well (e.g. Thiele, 1977). 
By contrast, Evans (1983) described the ability of 
carabid beetles (Bembidion obtusidens) to respond to 
olfactory stimuli associated with soil microorganisms 
in order to find appropriate habitats. Evans (1983) 
observed that the beetles were attracted by emitted 
metabolites of Cyanobacteria (Oscillatoria spp.). 
Wind-borne chemicals enabled the Carabidae to locate 
their habitat by using distant chemoreception (Evans, 
1984). Olfactorily responses to habitat allelochemicals 
emitted by the microflora resident in typical habitats, 
subsequently have also been demonstrated in Saldidae 
(Hemiptera) (Evans, 1988). Recently, olfaction guided 
migration was proven in pollen beetles (Nitidulidae) 
(Evans & Allen-Williams, 1994), and in pine weevils 
(Curculionidae) (Nordenhem & Nordlander, 1994), as 
well. Collembola showed responses to olfactory cues 
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derived from fungi over large distances of several 
centimeters (Bengtsson et al., 1994). These results 
agree with our experimental design. 


Based on our results, we suggest that terrestrial 
isopods are able to locate favourable habitats by using 
chemical cues that are produced during interactions 
between litter and the soil microflora. Additionally, 
microclimatic features may serve as cues for the 
recognition of convenient microhabitats (e.g. Erhard, 
1992). Since terrestrial isopods may depend on 
the cellulolytically active soil microflora for the 
decomposition of their main food source (e.g. Hassall 
& Rushton, 1984; Kukor & Martin, 1986), it appears to 
be adaptive to choose favourable habitats by means of 
microbial odours rather than to respond to the odour 
of the litter itself. 
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